The primary motto of operative dentistry, undoubtedly, is to restore the tooth to its form and function. Lutz *et al*. referred to resin composite materials as viable amalgam alternatives given the materials' compressive strength, abrasion resistance, durability, and radio-opacity.\[[@ref1]\] Apart from the teeth that are subject to heavy occlusal stress and for patients who are hypersensitive to resin-based materials, posterior resin composite restorations have been well-accepted due to improvements in the materials and the development of better dentin adhesives.\[[@ref2]\]

Microleakage is the most frequently encountered problems with posterior composites mainly due to polymerization shrinkage.\[[@ref3]\] According to Kidd, microleakage is defined as the clinically undetectable passage of bacteria and bacterial products, fluids, molecules, or ions from the oral cavity along the various spaces present in the cavity restoration interface.\[[@ref4]\]

Two major properties of dental light cure composites that have to be improved are their polymerization shrinkage and the shrinkage-induced stress. The volumetric shrinkage of currently used composites ranges from 2 to 6%.\[[@ref5]\] This results in marginal gap formation leading to microleakage. If the contraction forces exceed the bonding strength at the interface, the resulting interfacial space can lead to staining, marginal leakage, postoperative sensitivity, and recurrent caries.\[[@ref6]\]

Improvements of conventional bisphenylglycidyl dimethacrylate (Bis-GMA)-based composite materials through the addition of new monomers such as ethoxylated bisphenol-A dimethacrylate (Bis-EMA), urethane dimethacrylate (UDMA) in combination with superior fillers of nanoparticle size, have been proposed by manufacturers to reduce the contraction stress without altering their mechanical properties.\[[@ref7]\] There are two important strategies to reduce polymerization shrinkage,first is the reduction of reactive sites per volume unit and second is the reduction of shrinkage using different types of resin.\[[@ref8]\]

Recently, siloranes derived from the fusion of siloxanes and oxiranes have been proposed as low shrinkage restorative materials. As they polymerize through cationic photoinitiation, they seem to have comparable properties and markedly reduced shrinkage compared with Bis-GMA based materials, thus representing a valid alternative to dimethacrylates.\[[@ref9]\]

Therefore, this study aimed at evaluating and comparing the microleakage of restorations using silorane-based dental composite and methacrylate-based dental composites in Class II cavities.

Materials and Methods {#sec1-1}
=====================

Sample size {#sec2-1}
-----------

Sixty human mandibular molars freshly extracted for periodontal reasons without decay, microcracks, or previous restorations were chosen. The teeth were scaled for surface debridement and cleaned with tap water, polished with rubber cup and pumice. The teeth were stored in distilled water at room temperature until they were used for the study.

Materials {#sec2-2}
---------

Filtek P90 LS (3M ESPE St. Paul, Min, USA) silorane-based microhybrid compositeCeram X Mono (Dentsply Caulk, Milford, DE, USA) methacrylate-based nanohybrid compositeFiltek P6O (3M ESPE, St Paul, Min, USA) methacrylate-based microhybrid composite.

Methods {#sec2-3}
-------

### Cavity preparation {#sec3-1}

Class II slot cavity without retention lock was prepared on the mesial surface of the mandibular molars with straight fissure diamond point FG 170--010, using an air/water-cooled turbine. The cavity was prepared according to the below given standardized pattern of dimensions:

Buccolingual width of 4 mmOcclusogingival height of 3 mmPulpal depth of 2 mm.

The cervical margin was located 1 mm coronal to the cementoenamel junction, so that all the margins were located within enamel. Buccal and lingual walls of the preparation were approximately parallel and connected to the gingival wall with rounded line angles. All the margins were kept as close as possible to a 90° cavosurface angle. All the cavities were prepared by a single operator and evaluated by another operator. Burs were replaced after every five preparations.

### Restoration procedure {#sec3-2}

Following cavity preparation, the teeth were stored in distilled water till the next procedure. The teeth were randomly divided into four groups with 15 teeth each and restored according to manufacturers' instructions.

Group I (*n* = 15)

A Tofflemire Matrix band Retainer with universal metal matrix band was tightened around the tooth and held by finger pressure against the gingival margin of the cavity, so that the preparation could not be overfilled at the gingival margin. This also allowed the light to be directed only in the apical direction while curing the composite.\[[@ref10]\] All the 15 teeth were self-etched with Filtek P90 LS Adhesive Primer, which was applied in thin layer and light cured for 10 s using the light-emitting diode light curing unit. Next, Filtek P90 LS adhesive bonding agent, was applied and gently air dried. A second layer was applied, gently air dried, and light cured for 10 s. Filtek P90 LS (A3 Shade) composite was then placed in increments of 2 mm, which was judged with the William\'s graduated periodontal probe. Each increment was light cured for 40 s.

Group II (*n* = 15)

All the 15 teeth were matriced as Group I and total-etched with 37% phosphoric acid etching gel for 15 s and the etchant was rinsed off with water for 10 s and then air dried for 2 s. A layer of Adper Single Bond 2 bonding agent was applied onto the cavity surface and gently air dried. A second layer was then applied, gently air dried, and light cured for 20 s.

The restoration was done as for Group I, except that Ceram X Mono (M5 Shade) composite was used instead of Filtek *P* 90 LS.

Group III (*n* = 15)

The procedure of restoring the 15 teeth of this group was similar to that of Group II, except that Filtek P60 (A3 Shade) composite was used instead of Ceram X Mono.

Group IV (*n* = 15)

This group served as the negative control. The procedure of restoring the 15 teeth of this group was similar to that of Group III, Filtek P60 (A3 Shade) composite was used.

After restoring, the excess overhangs were removed with scalpel, surface finishing was done with Sof-Lex discs. Then they were stored in distilled water for 24 h before the next procedure. All the four groups were subjected to thermal cycling between 5°C and 55°C, for 3000 cycles with a dwell period of 30 s.\[[@ref10]\] The teeth were superficially dried after thermocycling. Then, apices of all the teeth were sealed with sticky wax. Two coats of nail varnish were applied all over the teeth except 1 mm around the restoration in Group I, II, and III. In Group IV (negative control), nail varnish was applied all over the teeth including the restoration. Then, the teeth were inverted and immersed in 2% rhodamine-B dye solution for 24 h under vacuum at room temperature.

After 24 h of dye penetration, the teeth were washed in running water, and the nail varnish coating was removed with scalpel. The teeth were sectioned longitudinally in the mesiodistal direction using diamond disc \[[Figure 1](#F1){ref-type="fig"}\]. The tooth sections were examined at the occlusal and gingival margins with a stereomicroscope under ×40, images were captured by the charged coupled device camera and the scoring was done \[[Figure 2](#F2){ref-type="fig"}\].

![Cross section of the tooth](JPBS-8-81-g001){#F1}

![Stereomicroscope image](JPBS-8-81-g002){#F2}

Scoring criteria {#sec2-4}
----------------

Staining along the tooth restoration interface was recorded by two evaluators, according to the following criteria:

Score 0 = No dye penetration

Score 1 = Dye penetration \<1/3^rd^ of the cavity depth (into enamel only)

Score 2 = Dye penetration \<2/3^rd^ of the cavity depth (beyond the dentino-enamel junction)

Score 3 = Dye penetration into the entire cavity depth.

Results {#sec1-3}
=======

Intergroup comparison of the occlusal and gingival margin dye leakage scores were done with the Mann--Whitney U-test, to identify any statistical significant difference. Level of significance is at *P* \< 0.05. The occlusal margin of all the groups showed that there is no statistically significant difference between the Groups I and II, I and III, I and IV, II and III, II and IV. However, there is statistically significant difference between the Groups III and IV, Group III has significant leakage \[[Table 1](#T1){ref-type="table"} and [Graph 1](#F3){ref-type="fig"}\]. The gingival margin of all the groups showed that there is statistically significant difference between Group I and II, Group I and III, Group I and IV, Group II and III, Group II and IV, and Group III and IV. Among the experimental groups, Group I shows the minimum leakage followed by Group II, and Group III \[[Table 2](#T2){ref-type="table"} and [Graph 2](#F4){ref-type="fig"}\].

###### 

Intergroup comparison of the mean dye leakage scores in the occlusal margin using Mann--Whitney U-test

![](JPBS-8-81-g003)

![Comparison of mean dye penetration scores at occlusal margin](JPBS-8-81-g004){#F3}

###### 

Intergroup comparison of the mean dye leakage scores in the gingival margin using Mann--Whitney U-test

![](JPBS-8-81-g005)

![Comparison of mean dye penetration scores at gingival margin](JPBS-8-81-g006){#F4}

Discussion {#sec1-4}
==========

The fact that composite restorations exhibit leakage at marginal interfaces with tooth structure has no surprise to the dentists.\[[@ref11]\] It has been known that conventional methacrylate-based composite restorative materials do not provide a complete hermetic seal, and numerous studies have demonstrated that the leakage of fluid occur between the restoration and the prepared tooth surface.\[[@ref12]\] This marginal leakage or microleakage has been implicated as an etiological factor in the inflammation of the dental pulp following the insertion of composite restorations.\[[@ref13]\]

Since the introduction of composite resins and their indication of use in low stress bearing areas initially, material science has developed to an extent such that the clinician today has a variety of composite materials at his/her disposal that can be used in versatile cavity preparations. However, a number of problems are associated while using dental composites, with the primary ones being polymerization shrinkage, moisture sensitivity, and lack of essential bonding to enamel and dentin.\[[@ref9]\]

Payne *et al*. suggested that many studies show a variety of possible causes for the failure of composite restorations at the cavosurface margin of a Class II restoration.\[[@ref14]\] Even though clinical investigations have confirmed that the adhesive technique in posterior teeth is able to provide an acceptable performance, these materials are extremely technique sensitive and cannot prevent leakage at the cervical margins.\[[@ref15]\]

The polymerization shrinkage and rheological characteristics of a composite depend primarily on the monomer types, and the ratio of the resin matrix, and the inorganic filler (type and content).\[[@ref16]\] The composites are composed of a resin matrix mainly Bis-GMA (bisphenol-A diglycidyl ether dimethacrylate), which was the first development of dental composite resins blended with triethylene glycol dimethacrylate (TEGDMA) as a diluent (mass ratio 70:30) and with inorganic fillers to improve physical properties.\[[@ref17]\] The average shrinkage value for methacrylates is 2--6%.\[[@ref5]\]

In Filtek P60 restorative, in addition to Bis-GMA, the majority of TEGDMA has been replaced with blend of UDMA and Bis-EMA (bisphenol A polyethylene glycol diether dimethacrylate). Both these resins are of high molecular weight and therefore have few double bonds per unit of weight. The high molecular weight materials also have an impact on the measurable viscosity. The higher molecular weight of the resin results in less shrinkage. Inorganic fillers of this system are Silica/Zirconia fillers of (60 vol%) microhybrid type.

One of the most important advances of the last few years in dentistry is the application of nanotechnology to resin composites. Nanotechnology is known as the production of materials and structures in the range of about 0.1--100 nm by various physical and chemical methods.\[[@ref18]\] The size of the filler particles lies around 8--30 µm in hybrid composites, and 0.7--3.6 µm in microhybrid composites, new fillers with size ranging from around 5--100 nm have been developed.\[[@ref19]\]

Ceram X Mono restorative is a light-cure, nanoceramic restorative material for restoration of all cavity classes of anterior and posterior teeth. Its composition is dimethacrylate resin matrix, methacrylate modified polysiloxane (organically modified ceramic) filler, camphorquinone, ethyl-4 (dimethylamino) benzoate, barium-aluminiumborosilicate glass, methacrylate functionalized silicon dioxide nano filler. Filler particles are of size 2--3 nm and nanohybrid type (nanofiller-vol 15%, microfiller-vol 85%). Moreover, the small size of filler particles improve the optical properties because their diameter is a fraction of the wavelength of visible light (0.4--0.8 µm) resulting in the human\'s eye inability to detect the particles. Furthermore, the wear rate is diminished and the gloss retention is better.\[[@ref20]\]

Recently, numerous attempts to reduce the shrinkage by changing the nature of the resin, solution for this target profile was achieved by the development of silorane resin. The low-shrinking Filtek P90 LS restorative is based on the new ring-opening silorane chemistry. Siloranes are a totally new class of compounds for the use in dentistry. The name "silorane" derives from its chemical building blocks siloxanes and oxiranes.\[[@ref21]\] The combination of these two chemical building blocks provides the biocompatible, hydrophobic, and low-shrinking silorane-base of Filtek P90 LS Low Shrink posterior restorative. It polymerizes by cationic ring-opening polymerization. It consists of quartz-modified with silane layer and yttrium fluoride fillers of microhybrid type of 75 vol%.

Regarding the adhesive system, Filtek P60 and Ceram X Mono were based on total-etch system (Adper Single Bond 2), and Filtek *P*90 was based on self-etch system (Filtek *P* 90 LS Adhesive System).

The quest for simplification of the chair-side adhesion procedure has probably played a significant role in the evolution of self-etch systems.\[[@ref22]\] This kind of adhesion reduces technique sensitivity because there is no need for a separate etching procedure and no rinsing is required, hence there is no risk of desicating the dentin surface. In addition, the important advantage of the self-etch approach over total-etch is that infiltration of resin occurs simultaneously.

In this comparative *in vitro* study, silorane-based microhybrid composite showed less microleakage than the conventional methacrylate-based nano- and micro-hybrid composites can be mainly attributed due its innovative resin-matrix with self-etch bonding. Samples evaluated in this study were prepared on a bench top with ideal access, adequate visualization, and moisture control. However, longitudinally followed randomized clinical trials that explain the behavior of these materials when in function within the stomatognathic system are required to validate this result.

Conclusion {#sec1-5}
==========

Within limitations of this *in vitro* study, it is concluded that there was no significant difference in the degree of microleakage between all the restorative materials at the occlusal margin. There was a statistically significant difference in the degree of microleakage between all the restorative materials at the gingival margin. Silorane-based microhybrid composite showed the least leakage, followed by the methacrylate-based nano- and micro-hybrid composites.

Financial support and sponsorship {#sec2-5}
---------------------------------

Nil.

Conflicts of interest {#sec2-6}
---------------------

There are no conflicts of interest.
